Objective To define mortality patterns in an urban slum in Kolkata, India, in the context of a cholera and typhoid fever project.
In Kolkata (formerly Calcutta), the capital of West Bengal, an official death report is required before cremation can take place. Death registration records are therefore relatively complete. Nonetheless, the stated cause of death that is registered in hospitals, private clinics or police stations is not always reliable. If the deceased was seen by a health-care provider during the course of the illness leading to the death, the information may be accurate, but because the poorest people generally have limited access to health care, accurate cause of death data seldom exists for them.
Verbal autopsy, an alternative method for collecting mortality data, enables investigators to establish the cause of death retrospectively. 2 The tool comprises a methodical interview with the next of kin or caregiver of the deceased to determine the symptoms and signs of the illness that preceded the death, and a review of medical records. Verbal autopsy is used by the Registrar General of India's Sample Registration System, the country's primary system for collecting demographic data, to estimate causespecific mortality rates at the national and state levels. Studies in Tamil Nadu and in the state's capital of Chennai (formerly Madras) have shown that verbal autopsies can be used in rural and urban adult populations. 3, 4 A study in Ballabgarh in northern India showed that health workers can be trained to use the verbal autopsy to ascertain the cause of death among children under 5 years of age. 5 The objective of this paper was to determine mortality patterns by cause, age group and gender in an urban slum in Kolkata by conducting surveillance of all deaths over a period of 18 months in a well-defined population. The surveillance was conducted in the context of a cholera and typhoid fever project.
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Methods
Study site and census
Kolkata, with over 4 million residents, is one of the most populous cities in the world.
The Kolkata Municipal Corporation is divided into 141 administrative wards. Our study site, which covered the slum areas of wards 29 and 30, is extremely overcrowded. 8 Community health workers detected deaths through monthly visits to each household during which they recorded the name, age and address of the deceased. All deaths were reported to the study physicians, who conducted verbal autopsies after approximately 2 months, a grieving period felt to be appropriate. The completeness of mortality reporting was verified during the second and third censuses. Verbal autopsies were also conducted for deaths missed during the surveillance period and detected during the second or third census.
Verbal autopsy technique
We used a combination of two previously validated instruments: the World Health Each physician was unaware of the diagnosis assigned by the other physician. If the two diagnoses were discordant, the forms were reviewed by a third physician, also otherwise uninvolved in the study. If the three physicians could not determine or agree on the cause of death, the death was recorded as having an unspecified cause. The causes of death were then coded according to the International statistical classification of diseases and related health problems, 10th revision (ICD-10). 12 After coding, the Global Burden of Disease 2000 classification was used to divide all causes into pre-transitional conditions that included infectious, maternal, perinatal and nutritional disorders (group I); noncommunicable diseases (group II), and injuries (group III).
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Data management and analysis
Data were double entered into Visual Fox Pro v 6.0 (Microsoft Corp., Redmond, United
States of America) and analyses were performed using Stata version 10.0 (Stata Corp., College Station, USA). We calculated mortality rates (overall, as well as by cause, age group and gender) in person-years using the number of deaths as the numerator and the period of time at risk contributed by each individual in the study population as the denominator. We defined life expectancy at birth as the average number of years a neonate in the study area can expect to live if current mortality trends continue. Highly influenced by the infant mortality rate, life expectancy is considered a good indicator of health and socio-economic development. The life expectancy at birth of the study Publication: Bulletin of the World Health Organization; Type: Research Article ID: BLT.09.073742 population (adjusted for infant mortality) was calculated using abridged life tables. 14 The sex ratio was expressed as the number of females per thousand males.
Causes of death were ranked according to mortality rate per 1000 person-years.
We calculated the relative risk (RR) of death by gender, adjusted for age (at death) using
Poisson regression analysis. The age-adjusted RR for males versus females was obtained using the male population as the standard. 95 percent confidence intervals (CIs) were interpreted in a two-tailed fashion.
Ethics
Participating next of kin were interviewed after the purpose of the study was explained 
Results
There were 87 921 person-years of follow-up during the 18 months of surveillance. The population pyramid is shown in Fig. 1 . The age distribution of the population was as follows: 28% from 0 to 14 years of age; 65% from 15 to 59 years of age, and 7% aged 60 years and older. The sex ratio was 860 females to 1000 males overall and 950 females to 1000 males for children 6 years of age and younger. Males outnumbered females in all age groups except among those over 70 years of age. During this period, 544 deaths were detected. 488 (98%) of the verbal autopsies by two independent reviewers, whereas discordant diagnoses were noted in 12 (2%). Thus, diagnoses were assigned to 482 of the 544 deaths (89%), whereas the cause could not be specified in 62 of them (11%). The overall 
Predominant causes of death
We assessed the number of deaths and the mortality rate per 1000 person-years for every GBD category (Table 1) 
Age group patterns
We also evaluated the number of deaths and mortality rate per 1000 person-years by age group (Table 1) . Children died more frequently from group I conditions, whereas group II and III conditions spared young children and increased with age. Overall, the mortality rate was 7.92 per 1000 person-years among children less than 1 year of age, declined in older childhood and early adulthood and increased to 8.09 in middle-aged adults and to 47.87 in the elderly. 
Gender-specific mortality
Discussion
Although infectious diseases are the leading cause of death in the paediatric population, non-communicable conditions are the most common cause among adults. Cardiovascular diseases were a particularly common cause of death, especially among people aged over 40 years, followed by cancer, respiratory ailments and digestive disorders. These "diseases of affluence," linked to lifestyle (i.e. poor eating habits, physical inactivity, obesity, tobacco smoking and alcohol consumption) are becoming increasingly common in the developing world. 15 Even the seven cases of nutritional deficiency found in our study and categorized under group I could have perhaps been more appropriately categorized under group II had the underlying chronic illnesses been specifically diagnosed. Our study population illustrates the epidemiological transition in developing countries, with non-communicable diseases and injuries becoming increasingly common and coexisting alongside communicable diseases. These findings highlight the need for continuing interventions against communicable diseases while developing new and innovative strategies to combat non-communicable ones. The study population showed a lower proportion of people under 15 years of age and a higher proportion between the ages of 15 to 59 years than in India as a whole (Table 3) . The tapering at the bottom of the age pyramid (Fig. 1 ) may reflect the practice by mothers in the slums of Kolkata of returning to rural districts, where they have extended family, to deliver their babies. It may also reflect declining fertility. The study area's population shows an age distribution that is more typical of urban rather than rural India. 1 The widening of the middle portion of the study site's population pyramid may be the result of the in-migration of individuals of working age.
The overall ratio of females to males in the study site is lower than in India as a whole (Table 3 ) but similar to that found in other areas of India where the sex distribution is unequal. 1 While the sex ratio of children under 6 years of age in the study site is as expected under natural conditions (i.e. about 100 females for every 105 males at birth), the sex ratio is most unequal between the ages of 30 and 54 years. This suggests that there is considerable in-migration of male workers and out-migration of females of reproductive age.
According to the Registrar General of India, in mid-2003 Indian males and females had a life expectancy at birth of 62 and 64 years, respectively, and the overall life expectancy at birth was 63 years. 1 By comparison, the overall life expectancy among dwellers of the urban slum we studied was seven years longer (Table 3 ). This goes against the commonly-held assumption that mortality in the slums is very high. The crude death rate in the study site was lower than for India as a whole but similar to the rate for Indian urban areas.
We also compared our findings with those from a report on the causes of death in India in 2001-2003. 1 As in our study, cardiovascular diseases were the leading cause of death reported for the entire country. The percentage distribution of causes of death in our study population more closely resembled that reported for urban India (Table 3) .
Differences in causes of death by gender were noted in the report. 1 In common with our findings, females died of diarrhoeal diseases more often than males, perhaps because of their greater exposure to sick children, whereas males died of cardiovascular conditions more often than females. Maternal deaths that occurred outside Kolkata were reported under "out-migration" by the community health worker. Second, only 5 deaths due to suicide were reported in our study, resulting in a suicide mortality rate of 0.06 per 1000 person-years, which contrasts sharply with previously reported annual rates of suicide among young men and women in southern India of 0.58 and 1.48 per 1000, respectively. 16 Although we may have failed to detect more suicides owing to inaccurate reporting triggered by social taboos, we found no evidence to suggest that this was the case. It is possible that suicide rates are genuinely lower in this community.
The Registrar General of India's Sample Registration System is conducting a large study, known as the Prospective Study of 1 Million Deaths in India, that monitors nearly 14 million people in 2.4 million Indian households for vital status and causes of death from 1998 to 2014. 17 The study is designed to provide national-and state-level data and will provide much-needed, more representative information on all-cause mortality in India. 18 However, its results will only become available after 2014 and may not be accurate for specific areas of India, such as poor urban slums in need of selective public health interventions.
In summary, we obtained mortality information that, coupled with populationbased data, allowed us to calculate death rates by cause, age and gender among dwellers of an Indian urban slum. Demographic and lifestyle changes have influenced mortality patterns in this urban slum area, where non-communicable diseases are now predominant but communicable ones are still prevalent, particularly in children. The results of this study may be useful to the local health authority in setting priorities for research and health interventions. 
